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Abstract 
Present work analyses the effect produced by the presence of ZSM-5 zeolite in an alumina tube upon the permeation 
rate of different gases (nitrogen, oxygen, carbon dioxide and normal-butane). A comparison between experimental 
data of permeation through the membrane with and without ZSM-5 zeolite was performed with an increase in the 
resistance to transport more evident for n-butane. Also the influence of temperature upon permeation has been 
analyzed. 
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1. Introduction 
Gas separation from a complex stream is an important process employed widely throughout the 
chemical and other industries. In example the separation of air into oxygen and nitrogen, carbon dioxide 
capture by gas-liquid absorption or the removal of volatile organic compounds from effluent streams. 
However membrane-based gas separation is becoming increasingly popular due to its different inherent 
advantages in comparison with the more traditional procedures [1, 2]. These advantages include low 
capital and operating costs, lower energy requirements and generally an increase in the easily of operation 
than in example gas absorption processes (with important cost in solvent regeneration). 
 
A membrane may be simply defined as a solid interphase between two bulk phases (gas or liquids) [3]. 
In the last few years, the importance of the use of membranes for separation processes has grown quickly 
taking into account the important advantages previously described and the experience in solid phase 
synthesis. Nowadays membranes are being employed in a wide range of uses at laboratory or industrial 
levels, such as microfiltration, ultrafiltration, nanofiltration, reverse osmosis and electrodialysis. The 
separation in membranes equipment is produced by means of differences in solutes’ permeability when 
they flowing through the membrane. The more common classification of membranes for gas separation is 
based in their nature: porous inorganic and dense polymeric. 
 
2. Materials and methods 
The ZSM-5 zeolite was synthesized by hydrothermal crystallization following the method proposed by 
the International Zeolite Association (IZA) [4]. It consists in a previous seeding gel preparation by mixing 
water, sodium hydroxide and tetrapropylammonium hydroxide. The next step was the addition of silicic 
acid in portions and under stirring. The resulting mixture was stirred for one hour at room temperature and 
the mixture was aged at 100 ºC for 16 hours. This gel was used to synthesize the zeolite. 
The synthesis gel was produced mixing water, sodium hydroxide and sodium aluminate. Silicic acid 
was added to the previous mixture again in small portions under stirring and this mixture was stirred for 1 
hour at room temperature. The seeding gel was added to this mixture and shook again for 1 hour.  
The crystallization process was performed in a PTPF lined stainless steel autoclave at 180 ºC for 40 
hours in the absence of stirring. The product was recovered by filtration and washed with distilled water. 
To produce the zeolite-based membrane using the previous obtained zeolite, the procedure consists in 
the production of the gel and the alumina tube coating using this gel. Then a crystallization process was 
performed producing the zeolite crystallization on the inner tube surface. These tubes were washed with 
water, dried and calcined.  
The alumina tube coating using the ZSM-5 gel was performed by slip coating procedure that consists 
in filling the tube in vertical position during a certain period of time. It was developed using both tube 
ends. This procedure was performed by triplicate to guarantee a suitable coating. The solvent infiltrates in 
the alumina support producing the material accumulation. The tube ends were maintained in contact with 
the synthesis gel during a long time to obtain a suitable coating to avoid gas phase bypass. 
The permeation experiments were performed using the experimental set-up shows in figure 1 (a hollow 
fiber contactor). The feed gas was admitted to the inner side of membrane, and the total pressure on each 
membrane side was atmospheric. The permeation rate was measured using a difference between the feed 
and outlet of gas flow- -alumina membrane (commonly used as support in gas separation 
membranes) and the zeolite-modified tube were used to evaluate the effect of these kinds of support upon 
gas separation and for this reason different gases have been used. 
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Fig. 1. Membrane experimental set-up  
 
3. Results and discussion 
3.1. Zeolite characterization 
Figure 2 shows the X-ray diffraction spectrum corresponding to the zeolite synthesized using the 
experimental procedure described previously in materials and methods section. A comparison between 
present spectrum and other obtained in previous studies [4, 5] was performed. This comparison allows 
conclude that the zeolite is synthesized by a suitable procedure and for this reason this procedure was 
used to modify the alumina tube to produce the membrane. 
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Fig. 2. DRX spectrum for the zeolite synthesized in present work. 
 
3.2. Gas mass transfer 
Present work is centered in the analysis of the permeation of different gases through a solid membrane 
(alumina and alumina + ZSM-5 zeolite). The gases used in this study were oxygen, nitrogen, carbon 
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dioxide and butane. The effect of gas type, gas flow-rate, temperature and the presence of zeolite in the 
alumina tube was studied.  
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Fig. 3. Gases permeation using alumina tube. T = 25 ºC. 
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Fig. 4. Influence of temperature upon permeation of carbon dioxide through alumina tube. 
 
The first study about mass transfer through the membrane in present work was the permeation of gases 
using the alumina tube as membrane. Figure 3 shows the experimental results corresponding to this study 
that compares the feed and outlet gas flow-rate in the contactor. An increase in the value of gas flow-rate 
fed to equipment causes an increase in the permeate flow-rate too. This behavior is in agreement with the 
size of molecules used in this work in comparison with alumina pore diameter. On the other hand, the 
kinetic diameter of different gases (nitrogen, oxygen and carbon dioxide) used in present work was very 
similar and for this reason slight differences were found between them in these studies. Carbon dioxide 
permeation data shows the lowest permeation data because it size is higher than oxygen and nitrogen. 
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Comparing oxygen and nitrogen data is possible observe that oxygen has the highest permeation in 
agreement with the kinetic diameter information because this molecule has the lowest diameter. 
In relation with the effect caused by the temperature upon gases permeation through the membrane 
figure 4 shows the experimental data corresponding to carbon dioxide studies. This experimental data 
shows that an increase in temperature produces also an increase in permeation rate (an increase in mass 
transfer). The increase in this operation variable produces also an increase in the diffusivity of gases into 
the membrane.  
In present work the alumina tube used in previously commented studies was modified by the ZSM-5 
zeolite coating in the inner surface of the alumina tube with the aim of the analysis the influence of this 
material upon the permeation of different gases. The presence of this zeolite can enhance the properties of 
this membrane to be used in gases separation before treatment or other operations. 
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Fig. 5. Influence of gas flow-rate, type of gas fed to the contactor and the presence of zeolite upon permeation. ({) data without 
zeolite, (z) data with zeolite. 
 
Figure 5 shows the influence of the use of ZSM-5 zeolite in the membrane upon the permeation rate for 
different gases and in comparison with the previous results obtained using only the alumina tube. An 
800   A. B. López et al. /  Procedia Engineering  42 ( 2012 )  795 – 801 
important decrease in permeation rate is observed for all the inorganic gases analyzed in present work. 
This behavior indicates that an increase in resistance to mass transfer through the membrane is produced 
when this kind of zeolite is coated in the alumina tube. 
The experimental results obtained for inorganic gases indicate a possible suitable behavior of this kind 
of membrane to separate volatile organic compounds present in an inorganic gases stream. The VOCs 
commonly have a higher kinetic diameter than inorganic gases and for this reason this zeolite could be 
used to reach this aim. This kind of separation increases the concentration of one gas and it could also 
increase the efficiency of treatment equipments. In example VOCs are present in gas streams in low 
concentrations and an increase in its concentration could reduce the size of the equipments used to 
perform this kind of treatment. 
Figure 6 shows a comparison between the permeation rates of different inorganic gases used in this 
work when ZSM-5 zeolite is used in the membrane. The experimental data shows a very similar behavior 
for all gases. This behavior is in agreement with the pore size of this zeolite that is higher than the 
molecules diameter. 
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Fig. 6. Permeation rate of gases using ZSM-5 + alumina membrane. T = 25 ºC. 
 
In present work an organic gas has also been used to compare the previously commented behaviors 
about permeation rate and to check the suitability of this membrane for gas separation taking into account 
the high molecular weight and size of VOCs. The experimental data obtained in present study doesn’t 
show a very different behavior than the previously observed for inorganic gases. Figure 7 shows a 
comparison on the basis of the permeation percentage. The membrane based on ZSM-5 zeolite causes a 
permeation percentage about 15 % for inorganic gases and this permeation decreases for normal-butane 
(10 % aprox). This data indicates that butane has a higher resistance to transport than inorganic gases but 
there aren’t large differences. This behavior is due to the geometrical characteristics of butane in 
comparison with other gases used in present work. The butane molecule has a length about 8.2 Å but an 
effective diameter of 4.2 Å. The ZSM-5 zeolite pore size is higher that the effective diameter and for this 
reason this membrane doesn’t cause a higher separation than the previously shown in figure 8. This 
membrane will be effective for larger volatile organic compounds than butane. 
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Fig. 7. Permeation percentage using ZSM-5 + alumina tube. ({) nitrogen, (z) carbon dioxide, () oxygen, () butane. 
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